Minimization of the thermal resistance and pressure drop of a microchannel heat sink is desirable for effective heat removal which is becoming a serious challenge due to the continuous miniaturization of such cooling systems with increasing high heat generation rate. Optimization of the hydraulic diameter and wall width to channel width ratio of square and circular microchannels to minimize the two objective functions was completed with the multi-objective genetic algorithm (MOGA). Environmentally friendly liquid ammonia was used as the coolant and the thermophysical properties have been obtained based on the average experimental saturation temperatures measured along an ammonia-cooled 3.0 mm internal diameter horizontal microchannel rig. The optimized results showed that with the same hydraulic diameter and pumping power, circular microchannels have lower thermal resistance. Based on the same number of microchannels per square cm, the thermal resistance for the circular channels is lower by 21% at the lowest pumping power and lower by 35% at the highest pumping power than the thermal resistance for the square microchannels. Results obtained at 10 C and 5 C showed no significant difference probably due to the slight difference in properties at these temperatures.
Introduction
Since the innovation work by Tuckeman and Pease [1] , the microchannel heat sink (MCHS) attracted great interest in recent years because of its ability to dissipate a large amount of heat from a small area. With concern over effects from the non-environmentally friendly coolant, investigations have escalated into the application and performance of alternatives in the available MCHS as well as in the compact refrigeration and air-conditioning industries [2] [3] [4] [5] [6] . From about 2008, researchers have looked into the global search afforded by evolutionary algorithms for faster investigations of MCHS optimized designs particularly with new coolants. Exploration of the cooling capabilities of newly developed environmentally refrigerants is better completed with genetic algorithm due to its proven record in its stochastic approach search for sets of optimal solutions. In the present work, optimization of the circular and square MCHS has been completed using the Multi-Objective Genetic Algorithm (MOGA) with the environmentally friendly liquid ammonia, whose properties have been obtained experimentally. The former geometry is preferred in the air-conditioning and refrigeration industries whilst the latter, the rectangular type, is the common design in a MCHS in the cooling of ICs. This procedure has never been done specifically with experimental data of ammonia.
Mathematical Model
In the present work, the thermal resistance in combination with the pressure drop across the channel is used as a measure of the performance of the MCHS. The MCHS of L W H has an adiabatic cover plate on top of n number of parallel microchannels of (i) square and (ii) circular kind. A uniform heat flux is assumed to be applied from the lower surface of the MCHS of thickness t, each with a hydraulic diameter of H c . In the optimization, the H c and the ratio of the wall width w w to the H c ( ) are regarded as variables and the other parameters fixed. The thermal resistance of the MCHS is contributed by the substrate below the channels, R cond , the coolant heat capacity, R cap , and the convective heat transfer, R conv , which is expressed in terms of the geometry, coolant's properties and flow conditions as, (1) where j cap and j conv takes the value of unity and 1/ , and 4/ and 1/3, for the circular and square MCHS respectively. The terms k hs and k are the thermal conductivity for the material and coolant, respectively. Meanwhile, c pf , , Re, Nu are the coolant specific heat capacity, dynamic viscosity, Reynolds number, and Nusselt number respectively. For the current study, the total pressure drop, p, is simplified to, (2) where j p = 57/2 for the square microchannels and j p = 31 for the circular microchannels. In the study of the performance of MCHS, the pumping power is generally of concern, P p = P tot G, and thus is used as the second objective function after the thermal resistance of equation (1) be minimized simultaneously . The dimensions of the MCHS are the same as that used by Tuckerman and Pease [1] with the range of microchannel diameters based on those used experimentally for obtaining the heat transfer coefficients of liquid ammonia under a heat flux of 60 kW/m 2 . The data was collected in minichannels with the inner diameters of 1.5 and 3.0 mm, a heated lengths of 1000 and 2000mm in the horizontal orientation, respectively. The outside tube wall temperatures at the top, center and bottom side were measured at every 100 mm axial intervals of the heated length with thermocouples. The local saturation pressure was measured using Bourdon tube-type pressure gauges at the inlet and the outlet of the test section. A pressure transducer was used to measure the pressure gradient of the ammonia. Data on liquid ammonia done with micro and minichannels are unavailable until now. A schematic of the rig is shown in fig. 1 . /s for the thermal conductivity, specific heat capacity, dynamic viscosity, density, and volumetric flow rate respectively. The MOGA procedure available in the MATLAB toolbox is used to generate a Pareto optimal front with trade-offs between both objective functions.
Results and Discussions
The optimized results for the MCHS are described in fig.2 and table 1 , respectively. At each pumping power, the R th for the circular channels, having a larger volume by a factor of π, is lower. The R th,c is lower by 21% at the lowest pumping power and by 35% at the highest pumping power. And this is based on the same number of MCs per square cm. With the constraint set at 0.5 mm<H c <3, the smaller diameter channel has the lower resistance compared to the larger one. The rate of increase of the required pumping power at each optimized hydraulic diameter of the square channel is also faster. Optimization at 5 C showed no significant difference from that at 10 C, probably due to the slight difference in properties. 
Conclusions
Optimization of a MCHS with the circular and square geometry has been completed with the MOGA, an evolutionary algorithm capable of a global search for the objectives, simultaneous minimization of the thermal resistance and pumping power. Results showed that at the same flow rate and the same number of channels, the circular geometry performed better thermally and hydrodynamically.
